In 2011, thunderstorms in the United States resulted in 550 deaths from tornadoes and more than $28 billion in property damage, according to data from the US National Oceanic and Atmospheric Administration, with the vast majority of economic losses resulting from tornadoes. This article normalizes U.S. tornado damage from 1950 to 2011, using several methods. A normalization provides an estimate of the damage that would occur if past events occurred under a common base year's societal conditions. We normalize for changes in inflation and wealth at the national level and changes in population, income and housing units at the county level. Under several methods, there has been a sharp decline in tornado damage. This decline corresponds with a decline in the reported frequency of the most intense (and thus most damaging) tornadoes since 1950. However, quantification of trends in tornado incidence is made difficult due to discontinuities in the reporting of events over time. The normalized damage results are suggestive that some part of this decline may reflect actual changes in tornado incidence, beyond changes in reporting practices. In historical context, 2011 stands out as one of the most damaging years of the past 61 years and provides an indication that maximum damage levels have the potential to increase should societal change lead to increasing exposure of wealth and property.
Introduction
According to statistics compiled by the US National Oceanic and Atmospheric Administration, with 550 deaths in 2011, tornadoes in the United States resulted in the greatest loss of life since the 1920s. NOAA estimated property damage from thunderstorms at about $28 billion (which includes hail, straight-line winds and tornadoes), far surpassing previous loss totals. However, because society is undergoing constant change -typically in the direction of greater accumulation and concentration of wealth -it can be very difficult and potentially misleading to interpret such losses in historical context by simply comparing loss totals over time. In this article we present the first comprehensive analysis of US tornado damage in which losses are normalized to a common base year, allowing for a more rigorous evaluation of loss trends and magnitude in historical context.
Unlike hurricanes, floods and earthquakes in the United States, until now no study has systematically analysed the historical record of tornado losses using methodologies of normalization. The magnitude of the task of systematically analyzing tornado losses is large -from 1950 to 2011 records kept by the US National Oceanic and Atmospheric Administration document 56,457 tornado events, of which 33,756 resulted in reported damage. Brooks and Doswell (2001) have applied normalization methodologies to tornadoes, looking at several significant events from 1890 to 1999, but did not normalize events comprehensively over time. Boruff et al. (2003) looked at trends in tornado incidence and damage comprehensively from 1950 to 2000, but did not apply normalization methods to the losses. Here, we build on this earlier work by presenting the first comprehensive normalization of US tornado losses for 1950 to 2011. This paper proceeds in five parts. First, we discuss the data used in the analysis. Second, we provide an overview of the normalization methodologies. Third, we present the results of the analysis and explore several consistency checks, including a discussion on trends and reporting in tornado incidence. Fourth, the paper explores the relationship of trends in damage with trends in the reported incidence of tornadoes. The paper concludes with a discussion on the findings in broader historical, scientific and policy contexts.
Damage data
The research conducted here uses a tornado event archive maintained by the US government's Storm Prediction Center (SPC), a department of NOAA, which has been analysed by Simmons and Sutter (2011) . Economic damage is defined as the direct economic losses associated with a tornado's impact, as determined in the weeks and sometimes months after the event, and includes the direct property damage and crop losses (if any) related to the event. Indirect damage, including longer-term macroeconomic effects and the economics associated with the valuation of human life, are not considered in this analysis.
The SPC damage archive has long-vexed researchers due to its uneven quality from event to event and lack of completeness. Storm reports are filed by each National Weather Service office and are closed after 60 days. This means that some events may not be recorded or damage totals may not reflect the final loss totals compiled by other sources, which may take more than 60 days to fully tabulate. At the same time there is valuable information in the storm data record. For instance, 1953 For instance, , 1965 For instance, , 1974 and 2011 each stand out as large loss years -even without normalizing the data to a common base year, and each of these years saw major tornado outbreaks with large damage. 1953: During 1953, 519 people died and over 5000 were injured. Three tornadoes killed a total of 320 people in Waco, TX, Flint, MI and Worcester, MA during May and June of that year. In all 407 of the 519 fatalities occurred in three major outbreaks during those months. Also, $360 of the $494 million (in current year) damage occurred during those months as well. The outbreak in May stretched across 3 days from May 9 through May 11 and affected states from Texas across the Midwest to South Dakota. In June, two major outbreaks occurred, one in the upper Midwest that also claimed 116 lives in Flint, MI. Another outbreak ripped through the northeast and claimed 90 lives in Worcester, MA. This tornado also caused $275 million in damages making it the largest single storm damage total since records began being kept in 1950.
1965: This year is noted for another tragic year of tornadoes but most notably the fact that most of the casualties and damage occurred on one day, April 11, Palm Sunday. In all 301 people were killed, 260 of those on April 11. Also, of the $1.1 billion in (current year) damage, $744 million occurred on that day. The tornadoes stretched from Wisconsin to Ohio. Unlike 1953, there was not any one storm that killed more than 100 people but there were 10 tornadoes that each killed more than 10 in Indiana, Michigan and Ohio.
1974: Like the 1965 Palm Sunday outbreak, the largest outbreak in 1974 occurred on one day, Wednesday, April 3. For 1974 in total, 348 people died and over 6500 suffered injuries, with $1.5 billion (current year) in damage. April 3 accounted for 290 of the fatalities, 5100 of the injuries and $1.2 billion of the damage. The day was termed as the 'Super Outbreak' because it not only did so much damage and caused so many casualties but it also stretched from the Upper Midwest across the Ohio Valley, as far north as New York and as far south as Mississippi.
2011: In many ways, the tornadoes of 2011 most resemble what happened in 1953. Unlike 1965 and 1974, there was not one day or even one outbreak that caused such a large percentage of the damage. Two outbreaks stand out, late April in the southeast most notably Alabama on April 27 where one tornado remained on the ground from Tuscaloosa to the suburbs of Birmingham, a total of over 100 miles. And on May 22, an EF-5 tornado tragically struck Joplin, MO killing 151 people (Smith, 2012) . This tornado was rated EF-5 for 6 of its 21-mile life but those 6 miles were in the middle of a heavily populated area. About 7000 homes were destroyed and estimates from this tornado alone approach $3 billion.
To extract value from the SPC dataset, we apply a new methodology made possible by the unique characteristics of the dataset. The SPC dataset uses a consistent approach to damage data collection, which means that damage has been recorded by a single government agency over time using a common methodology. Such a dataset enables the application of a meaningful normalization methodology in the context of uncertainties in damage estimates Downton, Miller, & Pielke, 2005; Vranes & Pielke, 2009 ). The methodology is described in detail below.
From 1950 to 1995, the SPC recorded damage estimates for individual tornadoes within one of nine intervals, which collectively span the range from $0 to $5 billion. Most tornadoes cause little or no damage. Of the more than 35,000 tornadoes documented from 1950 -1995, 28% or over 10,000 had a damage interval of 0, indicating that the damage was either zero or unknown. Damage from the remaining tornadoes form something close to a normal distribution around a modal point where the damage interval equals 4. The highest category of the binned data, used from 1950 to 1995 and representing damage greater than $500 million (current year dollars), was never used by SPC. The next highest interval, with a damage of $50 to $500 million, includes only 29 total events (0.05% of the total). Less than $50 2 $50-$500 3 $500-$5000 4 $5000-$50,000 5 $50,000-$500,000 6 $500,000-$5,000,000 7 $5,000,000-$50,000,000 8 $50,000,000-$500,000,000 9 $500,000,000-$5,000,000,000
The more precise data from 1996 to 2011 allow us to calculate the statistical properties of the losses within each of the nine bins that were applied in the earlier period. Since we know how many events occurred within each bin from 1950 to 1995, we assign a value to each pre-1996 event based on the distribution of events observed during the more recent period. This approach will not have much accuracy for any single event, but given the large number of events that occur in a year, in general it will allow a more accurate approach to calculating total annual losses than non-empirical approaches, e.g., such as taking the mid-point of the bins or applying an arbitrary function (e.g. such as exponential decay).
Specifically we followed the following procedure:
(1) Assigned 1996 -2011 loss events to 1950 -1995 bins using current dollar damage values (2) Within bins then inflated damage values to 2011 dollars, using the Consumer Price Index (as described in the following section) (3) Calculated summary statistics for each bin (4) Applied the mean event loss for each bin to 1950 -1995 events (5) Summed by year to arrive at 2011 inflation-adjusted losses The summary statistics associated with the 1996 to 2011 losses are shown in Table 2 . To test the fidelity of this damage assignment procedure, we compared the statistics of the bins in the two periods in terms of normalized losses per bin and normalized loss per tornado. 2 As the normalization process is designed to allow for an apple-to-apple comparison of losses across years, the statistics between the two periods is expected to be similar in the absence of a bias. For the period 1950 to 1995, 99.9% of total normalized damage was reported in bins 5 -9, and for the period 1996 to 2011 bins 5 -9 contained 99.8% of damage. 3 The average difference in normalized losses per tornado between the two time periods and across these five bins is 5% per bin. Across the three bins 7 -9 which account for about 90% of total normalized damage for each of the two periods, the average difference in normalized losses per tornado between the two time periods and across these five bins is less than 1% per bin. 4 As the loss estimates per tornado per bin are undoubtedly uncertain to a magnitude greater than 1% or 5%, this test provides strong evidence to support the fidelity of our methodology for ascribing specific loss estimates to the period 1950 -1995 when tornado losses were binned based on the statistical properties of losses 1996 -2011, the period in which a specific loss estimate was assigned to each event. This test of the damage assignment methodology clearly does not introduce a detectable bias into the results.
With a complete set of loss estimates generated and tested using the procedures above, we next create index of losses from 1950 to 2010, which through 2010 is shown in Figure 1 . There were 8553 total events from 1996 to 2011.
We initially present an index, rather than the dollar-loss estimated because of concerns over the completeness of the loss record in the SPC dataset, specifically, while there is no evidence of systematic bias over time, there is concern that the losses from the SPC archive underestimate losses as compared with other sources. 5 However, we return to the issue of dollar-loss estimates in a subsequent section of this article. The losses for 2011 are, literally, off the chart, with the currentdollar values more than 16 times the long-term average and the inflation-adjusted values more than 8 times the long-term average.
As a starting point, we assume that uncertainties that result from errors in original reporting, the binning process used through 1995 and other factors are randomly distributed over more than 33,000 events with reported damage. The presence of systematic biases in the dataset would affect the results of our analysis. We believe it more likely that such a bias, were it to exist, would more likely manifest itself as an under-reporting of damage, rather than an over-reporting, due to the nature of the SPC data collection procedures. In the results presented below, we perform a consistency check on the results by comparing trends in tornado incidence with trends in damage to explore the possibility of a systematic bias. We find no such evidence of a systemic bias in the results.
The greatest recorded loss in the SPC database from a single tornado event prior to 2011 was a loss of $1 billion (current) in the 3 May 1999 tornado that hit the densely populated Oklahoma City metro area. The storm was rated an F-5 on the Fujita scale and killed dozens of people. The Fujita (F) Scale was developed in 1971 to rate tornado intensity based on observed damage and has six categories, F0 to F5. It was updated in 2007 and is now referred to as the Enhanced Fujita (EF) Scale. Throughout this article we use the F-scale for events prior to 2008 and the EF-scale for events 2009-2011; however, our nomenclature uses the earlier terminology for simplicity. The difference between the two scales has no bearing on our analysis. However, several analyses have suggested the presence of discontinuities in the application of the F-scale during different historical periods, which we address in the analysis below.
The amount of damage that a tornado will create is highly dependent on the size of the tornado with most of the damage coming from tornadoes rated F-3 or higher (68% of total damage, 1950 -2011 in the raw F-scale data). Individual event loss estimates come with considerable uncertainty (e.g. in a study of flood losses greater than $500 million as recorded by NOAA; found independent loss estimates varied by as much as 40%), but the annual totals on which we focus involve less uncertainty because of the very large number of events and will reduce the uncertainty in the annual totals, at least under the methodology applied by the SPC.
The values underlying the index calculated here serve as the input to the application of three methodologies of normalization. To answer this question, we employ a methodology of loss normalization that has been well developed over the past 15 years and applied to economic losses for events as diverse as US hurricanes and earthquakes, European floods and windstorms, tropical cyclones in India and China, and Australian extreme weather events. Bouwer (2011) provides a recent review of this literature. In general, a normalization seeks to adjust actual damages in a given year to a common base year, with the goal of removing the signal of societal change in the data.
A first adjustment is for changes in inflation, i.e. the decrease in value of a currency over time, and we use the Consumer Price Index from the Bureau of Labor Statistics to adjust all data to 2011 dollars (U.S. Department of Labor, 2011). Following the inflation adjustment, we employ several different approaches to normalization using independent datasets: (a) Gross Domestic Product as a measure of national wealth (U.S. Department of Commerce, 2011) and (b) US population at the county level combined with (b1) housing units and (b2) household income at the county level. We thus present results from three approaches to normalization.
The basic form of a normalization uses base year economic damage (i.e. the index that was presented in the previous section), and applies as relevant, inflation, population, wealth (or housing unit) multipliers, to generate the 2011 annual normalized damage estimate, as follows:
where D 2011 : annual normalized damages in 2011 dollars D yi : reported damages per event i in current-year dollars I y : inflation adjustment for year y WPC y : real wealth per capita adjustment for event i in year y P yi : population adjustment for event i in year y. Events i to n are summed over the year to generate an annual loss total. The simplest approach to normalization adjusts historical losses for GDP, which includes changes at the national level in income and population. A GDP-based normalization in the context of hurricanes has been shown to closely finer-grained methods based on population, wealth and housing units for losses since 1950, but is much less accurate further back in time (cf. Nordhaus, 2010; . A normalization using GDP may be less accurate for tornadoes because GDP is a national metric and while tornadoes occur across the country, damage is concentrated in a subset of states, which may or may not follow national patterns of change in GDP over different periods of time.
Thus, in the results shown below, in addition to a GDP-based normalization, we also employ two finer-grained methods, both following from the methodology used in Pielke et al. (2008) for normalizing US hurricane damage. The first fine-grained method adjusts historical losses for changes in population and wealth for only those counties affected by tornado losses. The second fine-grained method adjusts for changes in housing units and wealth for only those counties affected by tornado losses. Figure 2 shows the results of the three different approaches to normalization: the GDP-based normalization, county population and county income-based normalization, and the county population and county (1970 -2010)/national (1950 -1969) The results are quite similar across the three methods. A linear trend fit to each of the three series indicates that normalized damage decreased by 35-63% from 1950 to 2011, depending on the series (the Population -Income adjustment had the smaller decrease which is not statistically significant, while GDP and Housing Units -Income resulted in the larger increase, significant at ,0.05).
Normalization results
In order to present a dollar-based normalization estimate, we have used 2011 loss estimates from NCDC as a baseline (NOAA, 2011) , under the assumption that the most recent year's losses will be the most accurate under the methodology used by NOAA. 6 NCDC compiled a total loss estimate for all thunderstorm losses based on data from Property Claims Services (a private company that compiles damage for the insurance industry), US flood and crop insurance and Federal Emergency Management Agency payouts (NCDC; A. Smith, personal communication April 26, 2012) . 
Environmental Hazards
We adjust the estimated $28 billion in total thunderstorm losses calculated by NCDC to a tornadoonly estimate by the ratio of tornado losses to total thunderstorm losses in the SPC database, which is 0.92 for 2011. We then calculate estimated losses for the period from 1950 to 2010 for each of the normalization methodologies by scaling them to the 2011 loss estimate. Figure 3 shows the results of this calculation for each of the three methodologies scaled to the 2011 NCDC loss estimate for 2011. 7 The scaling of past losses to the 2011 NCDC damage estimate provides an estimate of damages from past events have been under current societal conditions and aggregated using the damage estimation methodology employed by NCDC in 2011. Obviously, normalized damage could be scaled to other estimates.
As expected, the four largest loss years are 1953, 1965, 1974 and 2011 . Uncertainties in the data and across methods do not allow a precise ranking of these years as they are very close to one another, but 1974 trails across the approaches and all four years well exceed others over the time period. Of note in the data is the 26-year period from 1974 to 2011 with no losses that exceed $10 billion in normalized losses in two of three methods (1980 exceed $10 billion using GDP). In contrast, in the first 25 years of the data, normalized losses exceeded $10 billion from three to seven times, depending on the normalization methodology.
The three normalization methods result in total losses of $293 billion (population and income), $339 billion (housing unit and income) and $449 billion (GDP) from 1950 to 2011. Over the same time period, hurricanes result in $621 billion in normalized losses over 153 events . The 2005 hurricane season alone resulted in $130 billion in normalized damage, or more than 38% of 1950 to 2011 normalized tornado losses using the housing and income normalization method. In contrast, the normalized tornado losses are two to three times the highest estimates of normalized earthquake damage over 1950 -2011 (at about $150 billion) based on Vranes and Pielke (2009). 8 
Trends in losses and tornado incidence
Each of the three normalization methods (and the underlying index) shows a long-term decline in losses, despite the catastrophic damage of 2011. The GDP and housing unit and income approaches both indicate about a 63% decline in damages (P , 0.5), which the population and income indicates about a 35% decline (not statistically significant). Does this long-term decline relate to a decreasing incidence of damaging tornadoes?
It turns out that this question is not easy to answer due to recognized discontinuities in the historical record of tornado intensity (see, e.g. Brooks & Doswell, 2001; Doswell, Brooks, & Dotzek, 2008; Feuerstein, Dotzek, & Grieser, 2005; Verbout, Brooks, Leslie, & Schultz, 2006) . Doswell et al. (2008) summarize their judgement on the fidelity of the intensity ratings as follows: a period of relatively consistent ratings into the early 1970s, followed by a period of inconsistent practices in the time near the adoption of the F-scale that persisted into the 1990s, followed by a decade of relatively consistent standards through the end of the 20th century.
In particular, the period prior to 1974 shows a larger number of higher category tornadoes due, at least in part, to changes in the methods of reporting as compared with the subsequent period (Verbout et al., 2006) . After 1999, the ratings abruptly shifted downward (NOAA/NSSL, H. Brooks, personal communication, April 12, 2012; cf. Doswell et al., 2008) . It is widely understood that the large increase in F0 tornadoes is the result of improved reporting, including the advent of Doppler radar systems. As F0 tornadoes result in minimal damage, that increase, while notable, is not germane to this study.
To minimize the effects of changes in reporting and explore the possibility of secular changes in tornado incidence as a factor in the decreased losses, we explore damage by intensity category in three subset periods of the overall database: 1950 -1973, 1974-1999 and 2000-2011 . The summary statistics, along with data for the entire period, are shown in Table 3 . and national housing unit and county income (1950 -2010) . Table 3 . Damage by F-Scale category for four different periods, 1950 to 2011, 1950 to 1973, 1974 to 1999 and 2000 to 2011. 1950-2011 F- 0  9761  61  252  1  280  1  293  1  273  1  272  1  1  4429  28  3651  16  4023  16  4246  16  3994  16  4001  16  2  1303  8  3143  13  3483  14  3679  14  3434  14  3432  14  3  394  2  4404  19  4888  19  5162  20  4822  19  4820  19  4  94  1  6397  27  6742  27  6945  27  6702  27  6696  27  5  11  0  5669  24  5697  23  5700  22  5684  23  5678  23  15,992  23,516  25,111  26,025  24,908  24,898 The data show, as expected, a smaller proportion of damage from the most intense tornadoes during 1974-1999 as compared with 1950 -1973 , and a corresponding larger proportion in the weaker categories. This is consistent with the expectation found in the literature that documents a shift to lower-intensity estimates in the more recent period. The most recent period since 2000 also follows this trend, but because the period is so short, it should be interpreted with caution. Figure 4 shows the distribution of losses by F-category for the three different time periods, as well as for the overall record, illustrated with the housing and income method of normalization (choice of normalization method is not significant here).
The distribution shows a reduction in damage after 1973 in the two strongest categories of tornadoes and a corresponding increase in F3 damage, which is consistent with expectations based on known discontinuities in the database, as described above. For the period 2000 -2011, damage at the highest intensities are dominated by the extreme losses of 2011; however, F2 and F3 losses decrease as a proportion of the total while F1 losses increased, again consistent with expectations based on changes in reporting.
One important consistency check on the methodological fidelity of normalization is to compare trends in the normalized losses with trends in the relevant geophysical phenomena. If normalization has successfully adjusted for the effects of societal change, then the trends in the geophysical or meteorological phenomena should match those in the normalized losses. For instance, there is good confidence in the results of normalizations of hurricane damage because the normalized losses show no trends since 1900, and there are similarly no trends in storm intensity or frequency at landfall .
Conducting a similar analysis for tornadoes is not so straightforward, due to the issues associated with discontinuities in reporting practices (cf. IPCC, 2012). While there is a long-term Figure 4 . Distribution of normalized losses by F-Scale category for the entire dataset and three sub-periods within that dataset illustrating differences in categorization due to changes in F-scale reporting. decline in losses from 1950 to 2011 (statistically significant in two of the three methods) and also a long-term decline in the reported incidence of the most damaging tornadoes over the same period, the reporting issues make it difficult to claim that there has actually been an overall decline in the actual incidence of tornadoes. However, this consistency suggests that there is no apparent secular bias in the damage data, which would be the case if damage showed contradictory trends to incidence and/or intensity.
However, to explore this issue further we have examined linear trends in tornado incidence in the three sub-periods of the dataset identified in the previous section as corresponding to changes in reporting practices. We then compare the trend analysis in damage within those same subperiods. The results can be seen in Table 4 .
The table shows exceedingly strong agreement between trends in reported tornado incidence and normalized damage, with agreement found in 51 of 54 of the possible comparisons. The exceptions have clear explanations: (1) the increase in F3 tornadoes 1950-1973 was one event per year (i.e. very small), and the decrease in losses was minimal and not statistically significant, essentially zero; (2) the decrease in incidence of reported F5 tornadoes 1950 -1973 coupled with an increase in normalized GDP losses is likely a function of the larger normalization effects of the GDP methodology; and (3) the increase in F0 tornadoes 1974 -1999 is expected and documented as a result of improved reporting (and damage is minimal in any case).
These results give very strong support to the fidelity of the normalization as compared with the reported incidence of tornadoes of differing intensities. The normalized results are also suggestive that the long-term decrease in reported tornado incidence may also have a component related to actual, secular changes in tornado incidence beyond reporting changes. To emphasize, we do not reach any conclusion here that stronger that 'suggestive' and recommend that this possibility be subject to further research, which goes beyond the scope of this study. On climate time scales there is no indication of increasing incidence of tornadoes, and the increases documented over the short (sub-climate) period 2000 -2011 are strongly influenced by the large number of events documented in 2011. However, the decreased frequency of high damage events in recent decades as compared with previous decades is a notable feature in the time series and provides strong counter-evidence to claims found in the scientific literature that the atmospheric environment that spawns tornadoes has intensified leading to more intense events on climate time scales (e.g. Trenberth, 2012) . Such claims are commonly found in the popular media and also in the insurance/reinsurance sector where they influence public opinion and decision making in business and government. The most recent review by the IPCC found no basis for claiming an increase (or decrease) in tornado incidence or intensity (IPCC, 2012) .
The spatial and intra-annual patterns of damage are also worth noting. Table 5 shows the 50 US states in terms of housing unit and income normalized losses from 1950 to 2011 per square mile of land area and per observed tornado. At the top of the table, perhaps contrary to conventional wisdom, are Massachusetts and Connecticut. Oklahoma has about one-eighth the damage per square mile of Massachusetts while the state with the largest aggregate damage, Texas, has about 40% of the damage per square mile of Oklahoma. In 2010, Massachusetts and Connecticut were the 5th and 6th most densely populated states, while Texas and Oklahoma were 28th and 37th, respectively (U.S. Census Bureau, 2010). While Massachusetts and Connecticut have lower tornado rates than Oklahoma and Texas, the higher population density means that the tornadoes which occur are more likely to hit buildings and produce damage. Damage is a consequence not only of event incidence but also by the size of the potential target that might be hit by the events. At the state level, more than the nation, a significant proportion of damage is the result of a few events. For Massachusetts, about 95% of total normalized damage from 1950 to 2011 occurred in a single 1953 event. Table 6 shows the distribution of tornadoes and normalized damage by month. The months of April, May and June are responsible for 55% of tornado occurrences and 67% of damage. Within those months May has the most tornadoes, but April has by far the most damage. The least Table 6 . Distribution of tornado damage through the calendar year.
Month Tornadoes damage occurs in January and September, and all months experience damage. By the end of June, more than 80% of historical normalized damage had occurred.
Conclusions
The analysis presented in this paper indicates that normalized tornado damage in the US from 1950 to 2011 declined in all three normalization methods applied (two are statistically significant one is not). The degree to which this decrease is the result of an actual decrease in the incidence of strong tornadoes is difficult to assess due to inconsistencies in reporting practices over time. However, an examination of trends within sub-periods of the dataset is suggestive that some part of the long-term decrease in losses may have a component related to actual changes in tornado behaviour. Further research is clearly needed to assess this suggestion.
However, we can definitively state that there is no evidence of increasing normalized tornado damage or incidence on climatic time scales. In this context, the 2011 tornado season stands out as a sharp departure from recent experience, with greater normalized losses than any year since 1974. Until 2011, for whatever the reasons, the United States experienced a remarkable streak of good fortune with respect to tornado impacts as compared to that seen in a longer view.
It is logical that if tornado incidence was to increase in the future, then we should expect to see damage levels to increase as well. However, even in the absence of climatological changes in tornado occurrence, losses will continue to increase if societal change results in increasing wealth and property exposed to tornado events. In this context, debates about the influence of human-caused climate change on increasing tornado occurrence are essentially irrelevant to the policy issues associated with tornadoes as detection of such a signal in tornado occurrence is not currently possible.
In any case, resolving such questions is unnecessary to raise concerns about the need to better prepare for future impacts of tornadoes on life and property. Effective preparation makes sense under any scenario of the future, as tornadoes are a constant threat, with potentially very large impacts on people and their communities.
Notes

